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Abstract 
Craniosynostoses are recognized as a group of birth defects that impair the skull structures by early closure of one or more sutures, 
causing an abnormal cranial shape. Among the “simple” craniosynostoses, (a single closed suture) the most common is 
scaphocephaly. The 3D CT scan is the most relevant and rapid diagnostic test. The authors present the personal experience of 98 
scaphocephaly cases diagnosed and surgically treated in the Neurosurgical Department of “Bagdasar-Arseni” Emergency Hospital 
during a period of 10 years (2000 – 2009). The procedure of choice was the Stein & Schut (1977) extensive craniotomy that removes 
the early closed suture. There were no post-operatory death cases and no abnormally closed sutures. The routine use of the 
craniotome facilitates the lateral osteotomy that allows a normal brain growth and a normal symmetrical skull shape development. 
The authors advocate for early surgery during the first 6 months of life. 
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Introduction  
Craniosynostoses represent a heterogeneous 
group of nosographic entities characterized by the 
premature fusion of one or more sutures of the skull that 
result in a complex craniofacial malformation. 
The phenomenon of early closure of one or more 
cranial sutures results in a variety of functional and 
morphological alterations of the craniofacial development 
and in different degrees of cranio-cerebral volumetric 
disproportions.  
Virchow R., (1859) defines the craniosynostoses 
as early closure of the sutures followed by secondary 
skull deformities that follow a law that says “the normal 
bone growth is inhibited on the orthogonal direction 
relative to the closed suture; a compensatory bone growth 
develops in parallel with the closed suture”. Virchow’s law 
partly maintains its validity today. Virchow’s 
craniosynostose classification chart is still of reference 
today. However, the early closure of a suture may not 
always result in a compensatory bone growth. On this 
ground, the early closure of the sutures should not be 
defined by the secondary deformity but by the suture or 
the sutures that were affected (Virchow R., 1959). 
Craniosynostoses are common malformations 
that occur in 1 out of 2000 live new-born (Shilito & 
Matson, 1968). The data in the literature show that 
scaphocephaly has an incidence of 0.4 out of 1000 new-
born, it has male preponderance M/F = 3,5/1 and familial 
case occurrence – rare (Shilito & Matson, 1968). 
Craniosynostoses are important for two 
particular reasons: their occurrence is a significant health 
problem. From a pathogenic point of view, they represent 
a model for the study of genetic and/or environmental 
factors causing malformations. The molecular basis of the 
most types of craniosynostoses is known today and the 
genetic tests result in an accurate diagnostic. The 
identification of the genetic lesions does not have a direct 
impact on the treatment of the patients with this kind of 
affections but allows an accurate prenatal diagnosis [47].  
Classification  
Arseni et al., (1985) [*6] classifies the 
craniosynostoses in four groups: 
-  Simple – a single synostosed suture  
-  Complete – two or more synostosed sutures 
-  Complex – the skull abnormality is included in a 
malformative complex 
-  Accompanying – the minor cranial dismorphy in 
minor and constitutes a side effect of other disorders – 
metabolic, hematological Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
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The typical treatment in all craniosynostoses is 
surgery. The goal of the treatment is to reduce the intra-
cranial pressure and to correct the deformities of the skull 
and face bones. This goal is achievable today by pre- and 
post-operatory 3D CT scan evaluation. 
The aims of the surgical correction of these 
conditions are to counteract the aesthetic and functional 
anomalies of the craniofacial skeleton, to restore the 
normal spatial relationship between the skull and the 
contained neural structures. Also sometimes, it is required 
to correct the possibly associated abnormalities of the 
cerebral blood flow and cerebrospinal fluid (CSF) 
circulation.  
Among the various forms of abnormal cranial 
and facial bone development, those collectively defined 
as simple craniosynostoses allow the neurosurgeon to 
achieve all the previously mentioned therapeutic goals by 
means of relatively simple surgical procedures.  
The definition of simple craniosynostosis 
however, implies further characteristics. Namely, the 
functional and anatomical anomalies should be easily 
identified based on the mere physical examination without 
the necessity of specific investigations. In other words, 
simple craniosynostoses tend to repeat their peculiar 
phenotype, which allows their recognition already at the 
first inspection. Furthermore, their natural history and 
prognosis can be predicted with good reliability. 
Consequently, the family can be offered a definite surgical 
plan, adequate information on the risks and the advan-
tages of the surgical correction, as well as on the long-
term outcome. 
The most frequent simple craniosynostosis is 
scaphocephaly (the early closure of the sagittal suture). 
Therefore, the authors focus on this type of 
craniosynostosis in this article. 
The complex craniosynostoses are completely 
different. The phenotypic recognition may remain 
uncertain in many cases, such as, for example, in 
Crouzon syndrome, Apert’s syndrome, Pfeiffer-Carpenter 
syndrome, cloverleaf skull [48], where the phenotypic 
appearance is just a continuum of apparently different 
clinical patterns actually depending on mutations of a 
single gene FGFR2 (clinical variability). On the other 
hand, different genes may express similar clinical forms, 
such as the Saethre-Chotzen syndrome, which may 
depend on mutations of both TWIST and FGFR3 genes 
(genetic heterogeneity).  Furthermore, in these 
malformations, the clinical phenotype can remain under-
expressed in the first months of life, see, for example, the 
Crouzon's syndrome that may firstly present as the simple 
fusion of sagittal or coronal suture. 
Material and method 
The authors present 98 cases of scaphocephaly 
diagnosed and surgically treated in the Neurosurgery 
Department of “Dr. Bagdasar-Arseni” Emergency Hospital 
during 10 years (2000 – 2009). 
The total number of craniosynostoses in this time 
interval was of 188 cases, scaphocephaly being 
preponderant (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 
The commonly used investigations are: 
-  Cephalograms  
-  Plain skull X-rays 
-  CT scan 
-  3D CT scan 
-  MRI 
-  Radioisotope scan (dangerous and outdated) 
-  Ultrasonic prenatal diagnosis 
Certainly, the cranial circumference (cephalogram) is 
an important element in appraising the changes of the 
skull (Fig. 2, Fig. 3) 
The deviations from the growth standard will 
immediately draw attention to the cranial abnormalities, 
hence, on the possible craniosynostosis disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 
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The cephalic indices are altered, primarily to the ratio 
between the transversal and longitudinal diameter, which 
is less than 1. 
The 3D CT investigation is the preferred 
investigation. It yields rich information on the alteration of 
the normal skull shape and on the synostosed suture. It is 
most useful in planning the osteotomy and skull reshaping 
surgery (Fig. 4, Fig. 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Certainly, the simple X-ray investigation 
maintains its diagnostic value but has the disadvantage of 
a supplementary child irradiation (Fig. 6, Fig. 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The simple CT scan reveals the pathognomonic 
aspect of ‘boat-shaped’ skull and cranial shape in the 
transversal/longitudinal plane. In addition, native CT scan 
is useful in assessing ventricular size (Fig. 8) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MRI is a very useful investigation in 
scaphocephaly by assessing the compressed neural and 
ventricular structures. 
 
The surgical treatment is mandatory due to the following: 
   raised ICP  
  mental retardation 
  visual deficits/impairment 
  cosmetic aspect 
  skull deformity: psychosocial disturbance 
The patient’s position during surgery: 
-  Supine position: head flexed allows access to 
frontal and occipital area  
-  Prone position: posterior two thirds of the sagittal 
suture.  
The prone position was preferred because it allows wide 
access to the anterior and posterior sagittal suture (Fig. 
9). 
 
Fig. 4 Frontal 3D CT in scaphocephaly 
Fig. 5 Lateral 3D CT in scaphocephaly 
Fig. 6 Skull X-ray in scaphocephaly AP imaging 
Fig. 7 Skull X-ray in scaphocephaly lateral imaging 
Fig. 8 CT native bone window: pathognomonic aspect Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
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The commonly surgical procedures used in 
scaphocephaly are:  
A. Simple linear craniectomy (2cm) 
B. Extensive craniectomies (6-8cm) 
C. Craniectomies & reconstructive procedures 
The procedure of choice was extensive 
craniotomy (Stein & Schut, 1977) and reconstructive 
surgery facilitated by the development in craniotome and 
high speed drill tools. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The pre- and post operatory 3D CT scan is the 
preferred investigation to assess the efficiency of 
craniotomies (Fig. 11, Fig. 12) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The post operatory complications appeared in 31 
cases (31,6%) 
 
–  Seizures 11 cases 11,22%   
–  Neurologic transitory deficit  2 cases 2,04%
  
–  Anemic syndrome 21 cases 21,42% 
–  Infection 2 cases 2,04% 
–  Hemorrhagic shock 1 cases 1,02% 
–  CSF fistula 1 case 1.02% 
 
There was no post operatory death case.  
Postoperative management: 24 h in PICU  
The results of the surgery evaluated after 18 
months were satisfactory in all cases from the neurologic, 
psychomotor development and cosmetic appearance. The 
exact evaluation is achieved by 3D CT scan (Fig. 13 a, 
b). 
Fig. 9 Patient’s position during surgery (prone position) 
Fig. 10 a, b. Removal of the sagittal suture and lateral 
osteotomies to allow for brain growth 
Fig. 11 Preoperatory 3D CT in scaphocephaly 
Fig. 12 Postoperatory 3D CT in scaphocephaly Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
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None of the cases required the reopening of the 
synostosed sagittal suture. 
Discussions 
Scaphocephaly is a simple craniosynostosis 
caused by a precocious fusion of sagittal suture without 
other associated synostosis. Scaphocephaly is the most 
common isolated synostosis. 
Compensatory skull growth produces uniform 
longitudinal elongation with frontal and occipital bossing 
and secondary head deformation. 
The scaphocephaly incidence is of 56-58 %, 
Shilito & Matson (1968). 
The data in the literature shows a general 
incidence of 0.4 out of 1000 new born with male 
preponderance M/F = 3,5/1 and rare familial cases Shilito 
& Matson (1968). 
The clinical examination reveals some 
pathognomonic aspects: sagittal ridge, deformity apparent 
at birth.  The clinical diagnostic is set in the first 
days/weeks of life. Often prominent forehead and 
disproportion is present (anterior region enlarged and 
parieto temporal region narrowed). 
The skull expansion in the premature fusion of 
the sagittal suture is allowed by anterior fontanel and 
metopic suture. The general aspect of the skull is “boat-
shaped” with narrow skull and cranial base and relatively 
normal facial development.  
Headache and vomiting are very uncommon 
clinical symptoms in small children. 
Raised ICP can be observed only in toddlers. 
When the child is more than three years old, more 
symptoms and signs can be observed: headache, 
vomiting, seizures, visual impairment. No neurological 
deficit and no papilledema or optic atrophy was observed. 
In a few cases, mental retardation was present. 
The following clinical symptoms require 
immediate surgical treatment in scaphocephaly: raised 
ICP, mental retardation, visual deficits/impairment, 
cosmetic aspect, skull deformity with psychological 
disturbances. 
The authors note that the scaphocephaly 
surgical procedure requires a multidisciplinary team: 
neuroradiologist, craniofacial surgeon, pediatric 
neurosurgeon and pediatric anesthesiologist. The 
pediatric orthodontist is not involved, as this condition 
does not involve disorders in dental implantation. 
Summarizing, the neurosurgical procedures in 
scaphocephaly are simple linear craniotomy (2cm), 
extensive craniotomies (6-8cm), craniotomies, and 
reconstructive procedures. 
The authors note that linear craniotomy was 
among the first procedures used in scaphocephaly 
treatment: linear simple sagittal craniotomy (Lanelongue, 
1890), bilateral strip craniotomy (Ingraham, 1954). 
Subsequently extensive craniotomies (6-8cm) were the 
procedures of choice having the advantage of allowing 
brain growth. Examples of extensive craniotomies 
procedures are Raimondi procedure (1987), Venes & 
Sayers (1976), Stein & Schut (1977), Keyhole craniotomy 
Albright (1985). The Stein & Schut procedure consists of 
a large osteotomy of the sagittal suture continued with 
lateral anterior and posterior openings (Fig. 14) 
 
 
 
 
Fig. 13 3D CT scan in scaphocephaly a – Preoperatory; b – 
Postoperatory 
Fig. 14 Stein&Schut (1977) procedure Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
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The modern treatment of craniosynostoses 
involves craniotomies and reconstructive procedures 
allowing the skull to develop to a normal shape. The 
cerebral decompression to normal levels is achieved by 
applying surgery during the child’s first 6 months. The 
early procedure (during the child’s first 3 months) may 
ameliorate the child’s developmental delay. 
Of the modern endoscopic procedures, we can 
mention the procedure presented by Jimenez et al (2004). 
The endoscope was used to guide the sagittal suture 
osteotomy in a 4-6 weeks scaphocephaly case. The 
osteotomy follows an anterior and posterior sagittal suture 
opening. The osteotomy was monitored subcutaneously 
by the endoscope. The procedure is minimally invasive 
but can cause lesions of the superior longitudinal sinus. 
The procedure is useful in the treatment of a 4-6 weeks 
old child. 
The ultrasound prenatal diagnosis contributes to 
the early diagnosis of scaphocephaly and allows the 
planning of the surgical treatment during the child’s first 3 
months of life. 
Conclusions 
    Scaphocephaly is the most frequent 
craniosynostosis and consists in the early closure of the 
sagittal suture. The clinic and imagistic diagnosis is 
straightforward in these cases. The neurosurgical 
decompression is mandatory during the child’s first 3-6 
months of life. After that, the intra-operatory anemic 
syndrome aggravates the neurosurgical procedure. The 
treatment of a child with an abnormal head shape 
requires a team approach. The goal is to provide the most 
current diagnostic and treatment methods for the child, in 
a supportive environment. The team includes a 
neuroradiologist, craniofacial surgeon, pediatric 
neurosurgeon, and pediatric anesthesiologist.  
The cranial remodeling allows unrestricted 
development of the brain and is facilitated by the 3D CT 
scan evaluation, by the development of the craniotome 
and high-speed drills, as well as of the modern fixation 
devices for barrel stave osteotomies. 
References 
1.  AAP Task Force on Infant 
Positioning and SIDS: Positioning 
and SIDS. Pediatrics. 1992 Jun; 
89:1120-6.  
2.  Alden TD, Lin KY, Jane JA. 
Mechanisms of premature closure of 
cranial sutures. Childs Nerv Syst 
1999;15:670–5. 
3.  Anderson J, Burns HD, Enriquez-
Harris P, Wilkie AO, Heath JK.: 
Apert syndrome mutations in 
fibroblast growth factor receptor 2 
exhibit increased affinity for FGF 
ligand. Hum Mol Genet 1998;7:1475-
83. 
4.  Andrew O. M. Wilkie: 
Craniosynostosis: genes and 
mechanisms, Human Molecular 
Genetics, 1997, Vol. 6, No. 10 
Review. 
5.  Argenta LC, David JR, Wilson JA, 
Bell WO: An increase in infant   
cranial deformity with supine 
sleeping position. J Craniofac Surg 
7:5, 1996. 
6.  Arseni C, Horvath L, Ciurea AV: 
Craniostenozele în Afecţiunile 
neurochirurgicale ale sugarului şi 
copilului mic, p. 107-135, Editura 
Medicala Bucureşti, 1979. 
7.  *6 Arseni C, Horvath L, Ciurea AV: 
Craniostenozele, editura Academiei 
RSR, 1985 
8.  **6 Ciurea AV, Toader C: 
Craniosinostozele în Tratat de 
neurochirurgie, Editura Medicală, 
2010 
9.  Bialek P, Kern B, Yang X, Schrock 
M, Sosic D, Hong N et al. A twist 
code determines the onset of 
osteoblast differentiation. Dev Cell 
2004;6:423-35.  
10.  Bialek P, Chan CT, Yee SP. 
Characterization of a novel 
insertional mouse mutation, kkt: A 
closely linked modifier of Pax1. Dev 
Biol. 2000 Feb 15;218(2):354-66. 
11.  Boyadjiev SA: Genetic analysis of 
non-syndromic craniosynostosis, 
Orthod Craniofacial Res. 2007;10(3): 
129-137. 
12.  Boyd E: Organ weights from birth to 
maturity: Ma, North American. In 
Altman PL, Dittmer DS (eds): 
Growing Including Reproduction and 
Morphological Development. 
Washington, DC, Federation of 
American Societies for Experimental 
Biology, 1962, p 364. 
13.  Bruneteau RJ, Mulliken JB: Frontal 
plagiocephaly: Synostotic, 
compensational or deformational. 
Plast Reconstr Surg 89:21, 1992. 
14.  Ciurea AV, Toader C: 
Craniosinostozele in cadrul Tratat 
Neurochirurgie Vol.I Editura 
Medicala, 2010 
15.  Chadduck WM, Kast J, Donahue 
DJ: The enigma of lambdoid 
positional molding. Pediatr 
Neurosurg 26:304-311, 1997.  
16.  Chotzen F. Eine eigenartige 
familiaere Entwicklungsstoerung 
(Akrocephalosyndaktylie, Dysostosis 
craniofacialis und Hypertelorismus). 
Mschr Kinderheilk 1932;55:97-122. 
17.  Chumas PD, Cinalli G, Arnaud E, 
et al: Classification of previously 
unclassified cases of 
craniosynostosis. J Neurosurg. 1997. 
86(2):177-181,  
18.  Cohen MJ: Craniosynostosis: 
Diagnosis, Evaluation, and 
Management. New York, NY, Oxford 
University Press, 2000. 
19.  Cohen MM Jr, Gorlin RJ, Berkman 
MD, Feingold M. Facial variability in 
Apert type acrocephalosyndactyly. 
Birth Defects Orig Artic Ser 
1971;7:143-6. 
20.  Crouzon F. Dysostose cranio-faciale 
hereditaire. Bull Mem Soc Med Hop 
Paris 1912;33:545-55. 
21.  Cunningham ML, Seto ML, 
Ratisoontorn C, Heike CL, Hing 
AV: Syndromic craniosynostosis: 
from history to hydrogen bonds,   
Orthod Craniofac Res. 2007;10(2): 
67-81.  
22.  Curth HO. Acanthosis nigricans. 
Birth Defects Orig Artic Ser, 
1971;7:31-9. 
23.  Dandy PM: Plagiocephaly in some 
10 year old children. Arch Dis Child 
37:500, 1962. 
24.  de Heer IM, de Klein A, van den 
Ouweland AM, Vermeij-Keers C, Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
  430  © 2011, Carol Davila University Foundation
Wouters CH, Vaandrager JM et al. 
Clinical and genetic analysis of 
patients with Saethre-Chotzen 
syndrome. Plast Reconstr Surg 
2005;115:1894-902; discussion 
1903-5. 
25.  Funato N, Twigg SR, Higashihori 
N, Ohyama K, Wall SA, Wilkie AO 
et al. Functional analysis of natural 
mutations in two TWIST protein 
motifs. Hum Mutat 2005;25:550-6. 
26.  Ghouzzi VE, Le Merrer M, Perrin-
Schmitt F, et al: Mutations of the 
TWIST gene in the Saethre-Chotzen 
syndrome. Nat Genet 15:42-46, 
1997. 
27.  Glass IA, Chapman S, Hockley AD. 
A distinct autosomal dominant 
craniosynostosis-brachydactyly 
syndrome. Clin Dysmorphol 
1994;3:215-23. 
28.  Goodrich J, Argamaso R: 
Lambdoid stenosis (posterior 
plagiocephaly) and craniofacial 
asymmetry: Long-term outcomes. 
Childs Nerv Syst 12:720-726, 1996. 
29.  Graham JM Jr, Badura RJ, Smith 
DW: Coronal craniostenosis: Fetal 
head constraint as one possible 
cause. Pediatrics 65:995-999, 1980.  
30.  Graham JM Jr, deSaxe M, Smith 
DW: Sagittal craniostenosis: Fetal 
head constraint as one possible 
cause. J Pediatr 95:747-750, 1979. 
31.  Graham JM Jr, Smith DW: Metopic 
craniostenosis as a consequence of 
fetal head constraint: Two interesting 
experiments of nature. Pediatrics 
65:1000-1002, 1980. 
32.  Greenberg M. : Craniosynostosis, in 
Handbook of Neurosurgery, ediţia a 
5-a, p. 138-142, Thieme Medical 
Publishers, 2001. 
33.  Gupta P, Foster J, Crowe S, Papay 
F, Luciano M, Traboulsi E.: 
Ophthalmologic findings in patients 
with nonsyndromic plagiocephaly. J 
Craniofac Surg 2003;14:529-32. 
34.  Hall HS, Decker J: Calvarial Suture 
Morphogenesis: Celular and 
Molecular Aspects, in Scientific 
Foundations and Surgical 
Treatement of Craniosynostosis, 
William&Wilkins, 1989. 
35.  Hansen M, Mulliken JB: Frontal 
plagiocephaly diagnosis and 
treatment. Clin Plast Surg 21:543-
553, 1994. 
36.  Heike C, Seto M, Hing A, Palidin A, 
Hu FZ, Preston RA et al. Century of 
Jackson-Weiss syndrome: further 
definition of clinical and radiographic 
findings in  lost ; descendants of the 
original kindred. Am J Med Genet 
2001;100:315-24. 
37.  HGMD, Cooper DN, Ball EV, 
Stenson PD, Phillips AD, Howells 
K et al. Human Gene Mutation 
Database (HGMD). 
http://www.hgmd.cf.ac.uk/ac/index.p
hp 2006 (September 1st, 2006 
update). 
38.  Higginbottom MC, Jones KL, 
James HE: Intrauterine constraint 
and craniosynostosis. Neurosurgery 
6:39-44,1980. 
39.  Howard T, Paznekas WA, Green 
ED, et al: Mutations in TWIST, a 
basic helix-loop-helix transcription 
factor, in Saethre-Chotzen 
syndrome. Nat Genet 15:36-41, 
1997. 
40.  Ibrahimi OA, Eliseenkova AV, 
Plotnikov AN, Yu K, Ornitz DM, 
Mohammadi M. Structural basis for 
fibroblast growth factor receptor 2 
activation in Apert syndrome. Proc 
Natl Acad Sci U S A 2001;98:7182-7. 
41.  Ibrahimi OA, Zhang F, Eliseenkova 
AV, Itoh N, Linhardt RJ, 
Mohammadi M. Biochemical 
analysis of pathogenic ligand-
dependent FGFR2 mutations 
suggests distinct pathophysiological 
mechanisms for craniofacial and limb 
abnormalities. Hum Mol Genet 
2004;13:2313-24. 
42.  Ibrahimi OA, Zhang F, Eliseenkova 
AV, Linhardt RJ, Mohammadi M. 
Proline to arginine mutations in FGF 
receptors 1 and 3 result in Pfeiffer 
and Muenke cranio-synostosis 
syndromes through enhancement of 
FGF binding affinity. Hum Mol Genet 
2004;13: 69-78. 
43.  Jabs E, Muller U, Li X, et al: A 
mutation in the homeodomain of the 
human MSX2 gene in a family 
affected with autosomal dominant 
craniosynostosis. Cell 75:443-450, 
1993. 
44.  Jabs E: Toward understanding the 
pathogenesis of craniosynostosis 
through clinical and molecular 
correlates. Clin Genet 53:79-86, 
1998. 
45.  Jabs EW, Li X, Scott AF, Meyers 
G, Chen W, Eccles M et al. 
Jackson-Weiss and Crouzon 
syndromes are allelic with mutations 
in fibroblast growth factor receptor 2. 
Nat Genet 1994;8:275-9. 
46.  Jackson CE, Weiss L, Reynolds 
WA, Forman TF, Peterson JA. 
Craniosynostosis, midfacial 
hypoplasia and foot abnormalities: 
an autosomal dominant phenotype in 
a large Amish kindred. J Pediatr 
1976;88:963-8. 
47.  Jane JA, Dumont A, Lin K and 
John A. Jane SA: Craniosynostosis, 
p. 445-460, in Anne J. Moore, David 
W. Newel ‘Neurosurgery Principles 
and Practice’, Springer London, 
2005 
48.  Jane JA, Persing JA. Neurosurgical 
treatment of craniosynostosis. In: 
Cohen MM, editor. Craniosynostosis:  
Diagnosis, evaluation, and 
management. 2nd Edition. New 
York: Raven Press, 2000; 209–27. 
49.  *45 Jimenez DF, Barone CM, 
McGee ME, Cartwright CC, and 
Baker LC: Endoscopy-assisted 
wide-vertex craniectomy, barrel 
stave osteotomies, and 
postoperative helmet molding 
therapy in the management of 
sagittal suture craniosynostosis, J 
Neurosurg (Pediatrics 5) 100:407–
417, 2004 
50.  Johnson D, Horsley SW, Moloney 
DM, Oldridge M, Twigg SR, Walsh 
S et al. A comprehensive screen for 
TWIST mutations in patients with 
craniosynostosis identifies a new 
microdeletion syndrome of 
chromosome band 7p21.1. Am J 
Hum Genet 1998; 63:1282-93. 
51.  Kathy Chun, Ahmad S. Teebi, 
Cyrus Azimi, Leslie Steele and 
Peter N. Ray, Screening of Patients 
With Craniosynostosis: Molecular 
Strategy, American Journal of 
Medical Genetics 120A:470-473 
(2003). 
52.  Kimonis Virginia, Gold JA, 
Hoffman T, Panchal J, Boyadjiev 
S.: Genetics of Craniosynostosis, 
Semin Pediatr Neurol 14:150-161, 
2007. 
53.  Meyers G, Day D, Goldberg R, et 
al: FGFR2 exon IIIa and IIIc 
mutations in Crouzon, Jackson-
Weiss, and Pfeiffer syndromes: 
Evidence for missense changes, 
insertions, and a deletion due to 
alternative RNA splicing. Am J Hum 
Genet 58:491-498, 1996. 
54.  Meyers GA, Orlow SJ, Munro IR, 
Przylepa KA, Jabs EW. Fibroblast 
growth factor receptor 3 (FGFR3) 
transmembrane mutation in Crouzon 
syndrome with acanthosis nigricans. 
Nat Genet 1995;11:462-4. 
55.  Moloney DM, Wall SA, Ashworth 
GJ, Oldridge M, Glass IA, 
Francomano CA et al. Prevalence 
of Pro250Arg mutation of fibroblast Journal of Medicine and Life Vol. 4, Issue 4, October‐December 2011 
  431 © 2011, Carol Davila University Foundation
growth factor receptor 3 in coronal 
craniosynostosis. Lancet 
1997;349:1059-62. 
56.  Muenke M, Gripp KW, McDonald-
McGinn DM, Gaudenz K, Whitaker 
LA, Bartlett SP et al. A unique point 
mutation in the fibroblast growth 
factor receptor 3 gene (FGFR3) 
defines a new craniosynostosis 
syndrome. Am J Hum Genet 
1997;60:555-64. 
57.  Paredes R, Arriagada G, Cruzat F, 
Olate J, Van Wijnen A, Lian J et al. 
The Runx2 transcription factor plays 
a key role in the 1alpha, 25-
dihydroxy Vitamin D3-dependent 
upregulation of the rat osteocalcin 
(OC) gene expression in osteoblastic 
cells. J Steroid Biochem Mol Biol 
2004;89-90:269-71. 
58.  Persing J., Edgerton M, Jane J: 
‘Scientific Foundations and Surgical 
Treatement of Craniosynostosis’, 
William & Wilkins, 1989.  
59.  Pfeiffer RA. Dominant hereditary 
acrocephalosyndactylia. Z 
Kinderheilkd  1964;90:301-20. 
60.  Ratisoontorn C, Seto ML, 
Broughton KM, Cunningham ML. 
In vitro differentiation profile of 
osteoblasts derived from patients 
with Saethre-Chotzen syndrome. 
Bone 2005;36:627-34. 
61.  Reardon W, Winter RM, Rutland P, 
Pulleyn LJ, Jones BM, Malcolm S.  
Mutations in the fibroblast growth 
factor receptor 2 gene cause 
Crouzon syndrome. Nat Genet   
1994;8:98-103. 
62.  Rice DP, Aberg T, Chan Y, Tang Z, 
Kettunen PJ, Pakarinen L et al. 
Integration of FGF and TWIST in 
calvarial bone and suture 
development. Development 
2000;127:1845-55. 
63.  Rutland P, Pulleyn LJ, Reardon W, 
et al: Identical mutations in the 
FGFR2 gene cause both Pfeiffer and 
Crouzon syndrome phenotypes. Nat 
Genet 9:173-176, 1995. 
64.  Saavedra D, Richieri-Costa A, 
Guion-Almeida ML, et al: 
Craniofrontonasal syndrome: Study 
of 41 patients. Am J Med Genet 
61:147-151, 1996. 
65.  Saethre M. Ein Beitrag zum 
Turmschaedelproblem 
(Pathogenese, Erblichkeit und 
Symptomatologie). Dtsch Z 
Nervenheilk 1931;119:533-55. 
66.  Suslak L, Glista B, Gertzman GB, 
Lieberman L, Schwartz RA, 
Desposito F. Crouzon syndrome 
with periapical cemental dysplasia 
and acanthosis nigricans: the 
pleiotropic effect of a single gene? 
Birth Defects Orig Artic Ser 
1985;21:127-34. 
67.  Tubbs R, Elton S, Blount J, Oakes 
W. Preliminary observations on the 
association between simple metopic 
ridging in children without 
trigonocephaly and the Chiari I 
malformation. Pediatr Neurosurg 
2001;35:136-9. 
68.  Turk AE, McCarty JG, Thorne CH, 
Wisoff JH: The ‘back to sleep’ 
campaign and deformational 
plagiocephaly: Is there cause for 
concern? Craniofac Surg 7:12, 1996. 
69.  Vesalius A. De Humani Corporis 
Fabrica. Nation Library of Medicine 
1543; 
http://www.nlm.nih.gov/ihm/images/A
/26/919.jpg 
70.  Walker M, Collins J: ‘ 
Nonsyndromic craniosynostosis and 
abnormalities of head shape’ p.3300-
3314, in Youmans Neurological 
Surgery, Fifth Edition, Elsevier 2004.  
71.  Watson GH: Relationship between 
side of plagiocephay, dislocation of 
hip, scoliosis, bat ears and 
sternomastoid tumors. Arch Dis 
Child 46:203, 1971. 
72.  Wilkie AO, Slaney SF, Oldridge M, 
Poole MD, Ashworth GJ, Hockley 
AD et al. Apert syndrome results 
from localized mutations of FGFR2 
and is allelic with Crouzon 
syndrome. Nat Genet 1995;9:165-
72. 
73.  Wilkie AO, Tang Z, Elanko N, et al: 
Functional haploinsufficiency of the 
human homeobox gene MSX2 
causes defects in skull ossification. 
Nat Genet 24:387-390, 2000. 
74.  Wong GB, Kakulis EG, Mulliken 
JB: Analysis of fronto-orbital 
advancement for Apert, Crouzon, 
Pfeiffer, and Saethre-Chotzen 
syndromes. Plast Reconstr Surg 
105:2314-2323, 2000. 
75.  Yu K, Herr AB, Waksman G, Ornitz 
DM. Loss of fibroblast growth factor 
receptor 2 ligand-binding specificity 
in Apert syndrome. Proc Natl Acad 
Sci U S A 2000;97:14536-41. 
76.  Zackai EH, Stolle CA. A new twist: 
some patients with Saethre-Chotzen 
syndrome have a microdeletion 
syndrome. Am J Hum Genet 
1998;63:1277-81. 
77.  Virchow, R., Virchow’s Arch. Path. 
Anat., 1859, 13, 323 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 